Abstract-Educational repositories of digital educational material and learning objects allow teachers and students to store and retrieve educational resources to be used in virtual teaching and learning environments as well as in face-to-face educational spaces. They are also an important means of disseminating and evaluating the quality of educational resources produced by teachers. The quality of these resources largely relies on the guidelines and policies issued by educational institutions and supplied to their teachers, so that these resources can be created with an adequate level of quality and deployed in different learning management systems. The objective of this paper is to explore to what extent Ecuadorian universities make use of the educational repositories of digital educational material, the specialized repositories of learning objects, and the way in which they have evolved over the last five years. This paper also helps to identify the barriers and the factors that hinder their use. It is expected that the conclusions drawn from this analysis will permit the design of strategies aimed to promote the creation and use of quality digital educational materials.
I. INTRODUCTION
T HE advent of the knowledge society and information technologies have greatly contributed to the development of humanity. However, they have also introduced new challenges, at different levels, including those involving the teaching-learning process, which is necessary to spread an increasingly overwhelming volume of new knowledge generated. On the one hand, the new generation of apprentices (considered as digital natives) and their natural use of new technologies, addressing knowledge from different premises very different from those of the past. On the other hand, teachers (digital immigrants), generators of profound changes in society via tutoring and mentoring new competent professionals, but in most cases, limited in skills in relation to new technologies or their potential uses to increase efficiency in education. Digital Educational Materials (DEM from now on) are the means through which information is currently channeled, in what can be defined as a new educational paradigm, driven by the knowledge society, whose main characteristics are the need for geographic and temporal flexibility in order to access it. In recent years, the use of a particular type of DEM, known as learning objects (LOs), has spread rapidly. They are made available through LO educational repositories [1] , in order to improve storage, access and sharing of resources generated at various institutions. An LO is a kind of DEM used for learning in diverse technological contexts, e.g., the virtual environments for teaching and learning (EVEA from now on) which can be reused in different educational and technological contexts. An LO is an independent digital didactic unit, whose structure is formed by a specific learning objective, content, activities, and self-assessment. It also has some metadata intended to support its location within the repository and facilitate its contextualization [2] .
As far as we know, in addition to a punctual study [3] , which partially addresses the situation of the EVEAs in Ecuador, there is not enough information to determine, among other things, the amount and type of DEM repositories that Ecuadorian universities maintain, the type of material that they host and their nature as repositories of free or controlled access. Similarly, there is no information about the type of EVEAs used by the universities to deploy the DEM required to support their educational practices, if they use methods to guide the process of generation of DEM and moreover, policies and agreements to define the "quality" of these digital educational materials in terms of the educational and technological perspectives.
This study intends to explore, collect information and make evident the existence of Educational Repositories (storing Digital Material such as theses, articles or presentations, or DEM as LOs or collections of them) and EVEAs available in Ecuadorian universities. Based on the results, we expect to be able to define strategies to improve the usability of educational repositories in Ecuador.
The remainder of this article is structured as follows: section II presents related work, section III describes the objectives of the study, section IV describes the research method, section V presents the results of the preliminary study, section VI describes strategies to improve the usability of educational repositories in Ecuador and section VII includes some concluding remarks and future lines of research.
II. RELATED WORK
Studies such as the one described in [4] and [5] reveal that apparently LO repositories are very useful and are considered to be the solution to distributing and re-using learning material, but the amount of work and time required to use them is the main reason for the teacher's reluctance.
In other works such as those mentioned in [6] - [9] there are identified barriers that limit access and use of educational repositories, among which are: lack of availability of high speed internet and of visibility of digital resources (technical), lack of resources for investing in hardware and software required to develop and share DEM (economic), lack of expertise in the use of these technical inventions and (social) communication style, resistance to sharing and using resources produced by other teachers or other institutions (cultural), lack of knowledge about the way to license intellectual property (legal) [10] . In addition to these works, different factors are cited that undermine usability, including conceptual and pedagogical (relative to the concepts of DEM, LOs, repositories and reuse) and political and organizational (position of the institution involved in the implementation, process definition and management of the repository and content services).
Other studies in Ibero-America [3] , [11] - [13] intended to explore and describe the evolution and situation of institutional educational repositories of Digital Material and LOs in different countries of the region. These studies show that the type of educational material stored mostly includes theses of Master's and PhD degrees, as well as scientific articles. As regards infrastructure, the most frequently used software is Dspace, with Dublin Core Metadata with and without qualification schemes. In addition, studies show that institutional policies are not clear, services deployed on the repositories are scarce, learning environments lack customization and support to user communities is almost nil. The lessons learned from these studies have allowed us to understand that any work in relation to educational repositories should start with a diagnostic study that describes the context in which they are used and facilitates designing appropriate strategies to mitigate the barriers and factors affecting their implementation and usability.
As far as we know, in Ecuador there are no similar studies in the literature taking into consideration the academic community, which can be used as a starting point for the definition of these strategies, including standards that improve their interaction at the national level.
III. OBJECTIVES OF THIS STUDY
As described in the previous section, the ultimate goal of this work is to highlight educational repositories and define a set of strategies that improve the adoption, access and usability of these in Ecuador. As a first step an exploratory study has been carried out (survey), with the purpose of identifying the current situation of educational repositories in Ecuadorian universities up to the year 2014. The study addressed the following research questions:
• How many Ecuadorian universities have institutional mechanisms for the creation and management of collections of Digital Material or LOs? Which ones?
• IV. RESEARCH METHOD As the nature of this research is clearly exploratory, it was conducted using the survey as empirical method to collect data, thereby giving a quantitative and qualitative research approach. Structured surveys designed to collect data directly from the universities [14] were developed for this purpose. The survey was designed following the guidelines set out in [15] , based on a protocol that includes the following steps:
1) Determine the Objectives of the Survey: The objectives are as clear and precise as possible so that they can be measured. 2) Design the Survey: The survey was cross-sectional, where information was requested from participants at any given time. 
A. Sample Selection
There are 54 institutions belonging to the system of higher education in Ecuador. The size of the sample was delimited the to confidence level at 95%, and the confidence interval was set in a range of 12. This determined the number of institutions to which the survey was sent, with a total 31 (17 public and 14 private). These universities are part of the national network for education and research of Ecuador (CEDIA), and constitute 57 percent of the country's universities.
The first mailing was made in March 2014, when 13 universities responded. Subsequently, in May, a second mailing was sent to the universities from which no answer had been initially obtained to try to collect as many data as possible. Data collection was completed in June 2014 after two reminders, by email and by phone call, by means of which it was possible to gather information from 16 universities.
B. Data Collection Procedure
The data were collected through a survey, available online at [16] , whose URL (http://goo.gl/forms/vRHmdxmdUa) was distributed by e-mail to technical delegates appointed for each University, who have access to relevant information to complete the survey. From the 31 institutions consulted, 16 returned surveys completed, 8 belonged to public universities and 8 belonged to private universities. To complete the missing information, the strategy was to look at directories of well-known repositories at the international and national levels, which include OpenDoar [17] The search was carried out by an expert in digital repositories, who is part of this project team. To complete the search for information related to the EVEAs, the portal http://www.moodle.net/sites and the virtual campuses of each institution were consulted looking for that information that could not be found before.
C. Design of the Survey
The questionnaire was structured in three paragraphs:
a) Institutional repositories of Digital Material and LO b) Production of Digital Educational Material c) Virtual Environments for teaching and learning
The survey included 13 questions that sought to answer the research questions. The questionnaire was based on the assumption that the institution that received it already had some kind of educational repository. However, an option was given to fill out an alternative form to those institutions that did not have such repositories. The survey included a glossary in which were clearly established the fundamental concepts required to unify the semantics and guarantee the quality of the process of collecting data. The main concepts included therein are:
• Digital material: "Digital resources used in the process of teaching and learning process by teachers or the Assembly of equipment used by a teacher or student to study a subject: program, calendar, proposals, teaching activity guides, tutorials, theses, multimedia presentations, spreadsheets..." • Learning objects (LOs): "Digital material which is created with the aim of generating learning, and considers it as an independent digital teaching unit, whose structure consists of an objective of specific learning, content, activities, and a self-assessment, and which can be reused in different technological contexts (repositories, virtual environments for teaching and learning) and educational". It also has some metadata that is conducive to its location within the repository and allow addressing its contextualization" [11] , [20] .
• Virtual teaching and learning (EVEA): "Software application designed to facilitate pedagogical communication between participants in a learning process, be it completely at a distance, face-to-face, blended learning, etc., and which combine a variety of tools in order to give support to teachers and students, to optimize the different phases of the process of teaching and learning" [21] .
D. Search for Information in Repositories
As mentioned above, in order to complete the study and improve the quality of the information, searches were conducted in the following repositories:
1) The OpenDoar Directory Search: The second source of consultation for the study focused on the OpenDoar directory that collects and classifies open academic repositories around the world. OpenDoar allows searching for repositories or contained within them; it also provides tools and support for repository managers and service providers. We identified 16 educational repositories with digital content from 15 Ecuadorian universities. The contents include Digital Material (theses, chapters of books, multimedia material, documents) that was also identified in the surveys (see table I ). It is important to note that statistical data from the OpenDoar directory (see Fig. 1 Fig. 2 ).
2) Search in the National Ecuadorian System of Information of Education (SNIESE):
The third source of consultation for this study was the SNIESE system, which includes a list of those repositories that store the theses of the universities and other Ecuadorian higher education institutions. As a result, we identified eleven universities as well as repositories of Digital Material but they are not registered in OpenDoar, and three universities which appear in the SNIESE but which do not have a repository to store Digital Material (see table II) .
3) Search in the Consortium of University Libraries of Ecuador (COBUEC):
The fourth source consisted in studying the consultation portal COBUEC, where links were found to the repositories of two universities which did not respond to the survey and are not registered in OpenDoar, or in the SNIESE (see table III ).
E. Procedure of Verification of Data
Once the process of data collection was completed, we proceeded to individually explore the web sites of all universities with the aim of:
• Debugging the answers provided by the universities that responded to the questionnaires, in order to obtain the data necessary to answer the research questions.
• Trying to complete questionnaires with data from the universities that did not respond to them. • Qualitatively studying the answers. The exploration was conducted during the months of May and June. Their responses were checked and completed. In this way the quality of the data obtained was improved.
V. RESULTS
The following paragraphs summarize the answers:
• How many Ecuadorian universities have institutional mechanisms of storage and retrieval of collections of implementing specialized repositories of LOs (64%) was the lack of a methodology for the production of LOs, and a second reason (50%) was the lack of human resources trained to implement it.
• What are the mechanisms used for the evaluation of the quality of the LO? Out of the universities that responded to the survey (16), 50% appear to do some kind of evaluation of the quality of the Digital Material and the LOs of their repositories. These universities are: UPS, UTA, IPA, UTN, ESPE, UNIANDES, UTPL, UCUENCA. However, in all these cases evaluation follows an ad-hoc process, which does not consider methods and more formal criteria as documented in [22] - [24] (see do not have a mechanism that serves as a guiding in the creation of educational material and/or LOs. It is also important to indicate that universities that responded (16) 100% are interested in participating in the testing of a method for creating LOs. It can be concluded, despite existing works in Latin America related to methods for the production of [25] - [28] LOs, that Ecuadorian universities are apparently unaware of them, so it is urgent to establish agreements that permit a formal or de facto method for the creation of LOs.
• What virtual environments are used to deploy the Digital Material and learning objects in teaching and learning? 97% of universities have some EVEA. The EVEAs used include: Moodle (74.2%), own development (6.5%), Blackboard (3.2%) Desire2Learn (3.2%), E-ducativa (3.2%) and without EVEA (9.7%).
• What characteristics of an EVEA are relevant to your university? As concluded from several studies [29] - [31] the criteria of interactivity, flexibility, scalability, standardization, usability, functionality, ubiquity and accessibility were the most important characteristics to take into consideration when selecting an EVEA. From the answers given, interactivity and standardization are the two most important characteristics for universities that responded to the questionnaire (16) (see Fig. 4 ).
A. Boundaries of This Study
In this empirical study those aspects that could threaten the validity of the results, according to the guidelines provided in [32] , were analyzed: 1) Internal Validity: It refers to the reliability of the survey. The validity of the data collected through the questionnaire is dependent on the experience of the respondents. Most respondents are experienced professionals in the technical area. The risk of maturation was taken into account and for that reason we designed a survey that required no more than 20 minutes to complete. Despite this, two respondents began to complete the questionnaire and then abandoned it. 2) External Validity: It refers to the generalizability of the results in the field of Ecuadorian universities. Universities that were asked to respond to the questionnaire were selected on the basis of known lists, both public and private institutions. In this way we sought to include all relevant universities for the study.
3) Validity of the Conclusions:
The size of the sample (31 universities) is significant in the production of an acceptable statistical power and although it is undeniable that there are universities that were not included in the study, the results can be considered relevant and decisive, and can therefore be considered conclusive for developing strategies to improve the effective use of educational repositories in Ecuadorian universities.
VI. STRATEGIES TO IMPROVE THE USABILITY OF EDUCATIONAL REPOSITORIES IN ECUADOR
The definition of strategies to improve the usability of educational repositories in Ecuador is a process that will require even more study. However, some strategies have already been defined in relation to gaps and factors described in section II and the results of this study related to them. Direct relations may be seen in table V ("D", to those that are directly described in the responses obtained in the study) and indirect ("I", those that can be inferred from the responses obtained in the study), identified among responses to the questions included in this study, and the gaps and factors affecting the usability of repositories. Subsequent to this, for every case strategies are proposed that support the adoption and use of repositories.
Strategy 1: Centralized repository of DEM and delegated management Barriers: Technological and economic. Discussion: In relation to technological and economic barriers we can indicate that although the number of DEM University repositories has increased in the past five years (from 4 to 25), there is still a significant percentage of Ecuadorian universities (50%) which still do not have the necessary resources (hardware and software) that enable visibility in the production of DEM and management of the storage, search and deployment. It is significant to point out that currently Ecuadorian universities do not have specialized repositories for storing DEM, so they have opted for other ad-hoc solutions, such as the integration of the DEM and any other material in the institutional all-purpose repositories. This can be explained when one considers how, as a general practice, institutional libraries are responsible for the creation and maintenance of University repositories. It should also be noted that generally library services are not specialized in managing educational materials, which makes more difficult the location, use and dissemination of institutional educational resources.
Proposal: To generate a national repository centralized infrastructure of CEDIA, in such a manner that its administration, implementation, and deployment improve the academic visibility of the DEM produced by different institutions, adopting common national standards. This is possible thanks to fact that the CEDIA platform was acquired with resources of multiple institutions, and aims to develop the same support services.
Strategy 2: National Plan for training in use of ICTs Barrier: Social Discussion: The majority of teachers recommended their using technologies inside and outside the classroom. However, they are not equipped with the necessary skills to achieve teaching mediation through DEM, which causes a desynchronization in the channels of mediation with students, especially if we consider that they are mostly digital natives. In addition, the importance and need for the management of DEM by teachers are not recognized, since its creation involves greater effort and a burden of additional work that is not economically or socially valued.
Proposal: As a strategy, it is possible to design a national training plan in technological use for developing educational content and to develop an incentive program for teachers featured in the University academic community.
Strategy 3: National competition of LOs Barrier: Cultural Discussion: Teachers have not acquired the habit of sharing and reusing available DEM in the repositories. There is a reluctance to use them since searches in these tend to be less effective, and localized material does not meet the expectations or the associated needs. It is a cultural issue to use the DEM produced by other institutions that might be "better or worse" ranked.
Proposal: This barrier can be overcome through the stimulus that would generate the national contest of LOs, which would seek to encourage the publication, sharing and reuse of the DEM produced by the participants, giving visibility to the generated content.
Strategy 4: Support for validation and licensing tools Barrier: Legal Discussion: There is a fear that the DEM developed by teachers will be a source of plagiarism and authors will be unknown in the academic community. This has much to do with a lack of knowledge on how to properly license intellectual property.
Proposal: This barrier can be overcome with the development of a tool installed on the national repository of DEM, for reviewing and validating LOs by academic peers, upon its publication in the repository. This allows the evolution of collaborative LOs, while maintaining the original intellectual property and versions evolved, along with training on how to license and reuse the published DEM.
Strategy 5: Establishment of a working group on educational technologies
Factor: Conceptual and pedagogical Discussion: There is evidence of the lack of consensus and/or knowledge about what LOs are and why specialized LO repositories must be adopted within institutions. It is very complex to differentiate these specialized digital educational materials from traditional digital materials (presentations, theses, videos, images, etc.). As a result, the potential of this type of content in the field of education is wasted from the didactic, pedagogical and technological perspectives. The design and creation of LOs without a guide and quality model are costly, and make difficult the effort done by teachers and universities to publish it in specialized repositories. If you want to deploy these resources in different EVEAs, it should be possible to have formal standards [11] , [25] , [26] or de-facto ensure interoperability of educational resources. This will facilitate the reuse of resources in different technological contexts. Universities do not have formal mechanisms for ensuring the quality of digital materials and the LO, as described in [23] , [24] , [33] , [34] . Each university has adopted ad-hoc criteria on the basis of its own experience, which does not seem to have been contrasted or tested with respect to its educational and technological effectiveness.
Proposal: The formation of a working group on educational technologies could provide the conceptual guidelines for the LO paradigm and its use within the field of educational technology, giving the necessary guidelines to address its conception, design, creation, and deployment on different technological environments and quality management.
Strategy 6: National policy on the creation, publication and use of LO.
Factor: Political and organizational Discussion: Implementation of a repository and the services involved such as, for example, the definition of processes for the management of content in the repository is a subject that has not found consensus between Ecuadorian universities, because each institution has its own ad-hoc politics for covering its needs in its own context, which were not planned to be sustainable over time in some cases. Starting a repository and adjacent services, on the other hand, involves an initial investment, which could become something inconvenient for universities, if their policy does not include investing in these mechanisms for the dissemination of content and differs from the vision of the universities.
Proposal: To provide specific guidelines on the creation, publication and use of the DEM in a centralized repository, enabling to statistically evaluate its efficacy in the management of contents, which can be integrated into other global ecosystems, looking for their sustainability over time.
VII. CONCLUSIONS
This study has revealed the current situation of the DEM and repositories of LOs in Ecuador, as well as the degree of interest in relation to the control of the quality of the materials produced by the universities. It has permitted the identification of the barriers and factors affecting the usability of repositories at a national level, in relation to the barriers and factors described in the corresponding literature, and a set of strategies that improve the usability of these educational repositories in Ecuador. These strategies are: and use of LOs. In relation to future work, a number of actions have been identified to execute in the short and medium term in order to complement the above strategies. For this there are plans:
• To provide a methodology for the design and creation of LOs, both for teachers and for development teams of educational material.
• To analyze assessment models for the determination of the quality of the LOs.
• To collect information about the standard of metadata used by universities.
• To collect information on licensing of the DEM form.
